Introduction
De Souza et al. showed that the growth and yield of lettuce could be improved by treatment of its seeds before they were grown, using rectified sinusoidal non-uniform electromagnetic fields. [1] It was observed that magnetism has effects on lettuce at the nursery, vegetative, and maturity stages, including a significant increase in root length and shoot height, a greater growth rate, and a significant increase in plant height, leaf area, and fresh mass. Positive biological effects of magnetism on sunflower and wheat seedlings weights were reported. [2] Further data show that the magnetic field induced by the voltage of a specific waveform enhanced or inhibited mung bean growth, depending on the frequencies, [3] which suggests that the magnetic field on plant growth may be sensitive to the waveform and frequency of the source electrical voltage. The effect of static magnetic field on plant growth has also been studied. Cakmak et al. found that static magnetic field accelerated germination and early growth of wheat and bean seeds. [4] Vashisth et al. obtained similar results with chickpeas; furthermore, they found that the responses of the plant to static magnetic field varied with field strength and duration of exposure with no particular trend. [5] However, as indicated by a literature review, weak magnetic field exhibited negative effects on plant growth, such as inhibition of primary root growth, in some cases. [6] For instance, exposure to magnetic field inhibited early growth of radish seedlings with decrease in the weight and leaf area. [7] An interesting result is that the biological effect of a magnetic field is different between the south and north poles, as illustrated by a study, which showed that radish seedlings had a significant tropic response to the south pole of the magnet, but insignificant response to the north pole. [7] It is theorized that the south pole of the magnet enhances plant and bacterial A study was conducted to test the hypothesis that a magnetic field can affect plant growth and health. The study divided plants into three groups. The first group of plant seeds grew in a low magnetic field. The second group grew in a high magnetic field. The third group grew in the absence of a magnetic field, serving as a control group. Several growth parameters were measured, including the germination rate, plant height, and leaf size. In addition, the health status was measured by leaf color, spots, the stem curvature, and the death rate. Plant growth was observed continuously for four weeks. The results showed that magnetism had a significant positive effect on plant growth. Plant seeds under the influence of the magnetic field had a higher germination rate, and these plants grew taller, larger, and healthier than those in the control group. No adverse effects of magnetism on plant growth were noticed. However, the removal of the magnetic field weakened the plant stem, suggesting the role of magnetism in supplying plants with energy. 
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The effects of magnetic fields on plant growth and health growth by conferring energy, whereas the north pole retards their growth. Thus, it is possible to utilize the magnetic north pole against infections or tumor growths. Morphological anomalies in pollen tubes of a particular plant exposed to magnetism were observed, [8] which raises an important question of whether magnetism can cause gene mutation and cancer. This issue is still controversial and demands more research evidence before any conclusion can be drawn.
Experimental Design and Methods
Hypothesis
The main hypothesis is that static magnetic field has effects on plant growth. If plants grow in an environment with magnetic field, they will grow differently than if they grow without magnetic field.
Purposes
The experimental objectives include:
To observe plant growth based on a set of growth and health parameters under the magnetic field.
To compare plant growth under magnetic fields of different strengths.
To compare plant growth under the magnetic field at different points in time.
To determine whether the magnetic field can influence plant growth based on the observational data.
To identify the parameters of plant growth affected by the magnetic field, if any. To observe changes in plant growth after the magnetic field is removed. Figure 1 ]. 3.2. In the third container, a horseshoe-shaped magnet of 0.49 Tesla is placed at the center of the circle surrounded by the seeds [ Figure 1 ]. 4. Each nursing container is placed by the window facing the east and exposed to the sunlight in the daytime. The plants grow under the room temperature at 25 o C with a humidity level ranging between 30 and 50%. The soil in each container is kept wet by watering once every day so that the soil surface is neither dry nor soggy to the touch. The soil moisture was estimated at 0.25 ml/in 2 . 5. Record on a weekly basis the number of seeds that have germinated, plant growth, and observations about plant health such as color of leaves, and spots or holes due to pests and diseases. Diseased spots will be quantified. Plant growth will be measured by plant height and leave size as shown in Figure 2 . 6. The experimental observation will last for four weeks. The magnets in the third pot will be removed at the end of the third week, but the observation will continue for the fourth week in an attempt to evaluate the reversibility of the magnetic effect on plant growth, if any.
Materials
Results
There were three experimental conditions, as shown in Figure 3: (1) no magnet, (2) low magnetic field, and (3) high magnet field. The plants that had no magnetic field surrounding them were found to have slower growth as well as smaller leaf sizes. The growth and leaf sizes increased as the strength of magnetism increased.
The germination rate of the plants without the magnetic field was less than the germination rate of those with a magnetic field as seen in Table 1 . In the control group, 12/16 plants germinated during the first week, while 16/16 of the plants growing under a magnetic field (for both low and high magnetism) did so in the first week. Overall, the germination rate of the control group was 14/16 in the whole study period. The significantly higher germination rate in the first week for the experimental groups with magnetic fields means that magnetism can increase the speed of plant development.
As seen from Table 2 , the plants in the groups with magnetic fields grew taller (measured by stem height) and bigger (measured by leaf size) by as much as 25%. For instance, the stem height was 4.18 cm in the control versus 5.25 cm in the high magnetic group at the fourth week. Furthermore, the high magnetic field had more stimulatory effect on plant growth than low magnetic field. The photographs [ Figure 3 ] also show that plants grew with a better overall appearance in the environment with magnetic fields.
As seen from Table 1 , the amount of unhealthy stems in the control was 1/14. In comparison, 1/16 of the plants in the trial with low magnetic field had an unhealthy stem, and 1/16 of the plants in the trial with high magnetic field had an unhealthy stem during the third week. When the magnet was removed for the fourth week in the trial with high magnetic field, the number of unhealthy stems increased to 6/16. The number of plant deaths for the control group was 2/14, and the number of deaths for both low magnetic field and high magnetic field groups was 0/16. Thus, more plants died without than with magnetism. Plant stems became unhealthier after removing the magnet in the trial with high magnetic field.
Statistical analysis, shown in Tables 3 and 4 , based on t-test among groups showed that plants exposed to magnetism (low or high) outgrew plants in the control group in terms of both plant height and leaf size, and these results were statistically significant.
Discussion
Previous research showed that plant growth can be increased by both dynamic [1] and static [4, 5] magnetic fields. Magnetism also accelerates germination. [4] These findings were confirmed by my research presented here. However, some studies reported negative results. The difference in research outcomes may be due to variations in experimental design. Taken together, the current evidence seems in favor of the view that magnetism has a positive influence on plant growth and development.
However, previous research studies do not measure the plant health status with and without magnetic influence. My research suggests that magnetism makes plants grow not only faster and bigger, but also survive better. An interesting observation is that a large portion of plant stems became curved after the magnet was removed in the group exposed to high magnetic field. A possible explanation is that magnetism accelerates plant growth and supplies energy. In the absence of magnetism, plants lose energy derived from the magnetic field and the plant stem cannot support its weight.
The differential effect on plant growth between the north and south poles has been noticed previously. One theory is that the south pole causes plants to grow faster, but promotes bacteria, and the north pole of the magnet caused slower growth, but healthier plants. A number of unhealthy leaves were noted in my experiment, but the plants close to the north pole and those close to the south pole do not show any observable difference in their growth and health status. This is perhaps due to the use of horseshoe magnets rather than bar magnets in the experiment.
Conclusions
I have found that the plants surrounded with a magnetic field tend to grow faster, taller, bigger, and healthier, as measured by the plant height, leaf size, and selected parameters related to their health status. The germination rate in the first week is significantly higher with than without magnetic field. The magnetic field may also supply energy, as reflected by my observation that removal of magnetism causes the plant stem to bend. The results confirm my hypothesis that magnetism affects plant growth and health. In the literature, most similar studies have found the positive effect of magnetism on plant growth, but few have reported the magnetic effect on plant health. Moreover, a new finding in my experiment, which has not been reported in the literature, is the potential relationship between magnetism and plant energy. It means that magnetism affects both the structure and function of a plant. Finally, it was not suggested by my study that the magnetic field caused any negative biological effect, as far as the plant growth and development is concerned.
